Background: Alterations in regional fat are often reported in HIV infection. Prior studies have not distinguished between normal changes in regional fat related to sexual maturation and those due to HIV. The study aim was to compare changes in regional fat distribution in HIV-infected (HIVþ) and healthy (HIVÀ) children and adolescents living in the United States.
Introduction
Changes in regional fat distribution including peripheral fat loss and central fat gain occur in HIV-infected adults, children, and adolescents [1] [2] [3] [4] [5] [6] [7] [8] . These alterations variably referred to as 'lipodystrophy' or 'fat redistribution syndrome' can be stigmatizing and negatively affect adherence to HIV medications and the course of treatment [9] [10] [11] [12] . HIV-associated lipodystrophy is also frequently encountered with hyperlipidemia, hypertriglyceridemia and insulin resistance, which are risk factors for cardiovascular disease [2, [13] [14] [15] [16] .
Due to differences in measurement methods and case definitions, determining the true prevalence of lipodystrophy in children is difficult and estimates vary from 1 to 43% [14, 15] . Prior descriptive studies have used a variety of methods and criteria to measure HIV-associated abnormalities in regional fat distribution including physical inspection [6, 17, 13] , skin fold thickness and circumference-based case definitions normalized against age and sex standards [2, 16] and laboratory methods that include dual energy X-ray absorptiometry (DXA), computed tomography (CT), and magnetic resonance imaging [4, 5, 8, 14, 15] . However, none of these studies compared results to rigorously assessed changes in regional fat stores that accompany normal growth and sexual maturation.
The objective of this study was to characterize and compare changes over 2 years in arm, leg and trunk fat in a sample of HIV-infected children and adolescents with healthy participants by means of whole body DXA scans.
Methods

Study population
Data for this study were obtained from two studies conducted at the St. Luke's Roosevelt Pediatric Body Composition Unit of the New York Obesity Research Center; in HIV-infected and healthy participants, entitled 'The effects of vitamin D and calcium on bone in pediatric HIV' (ClinicalTrials.gov protocol NCT00724178) [17] and 'Bone mineral density in childhood study', respectively [18] . HIV-infected participants aged 6-16 years were recruited from among children and adolescents enrolled in four hospital-based pediatric HIV treatment programs at St. Luke's-Roosevelt Hospital Center, Harlem Hospital Center, Bronx-Lebanon Hospital Center and Metropolitan Hospital Center, which are located in New York City, New York and received vitamin D and calcium supplementation or placebo during the 2-year study. Healthy volunteers aged 6-16 years were recruited by advertisements run in local newspapers, school newsletters, flyers in nearby hospital waiting rooms and word of mouth.
Informed consent
This study was approved by the Institutional Review Boards of all participating institutions. Informed consent from parents or guardians and assent of patients were obtained prior to enrollment of participants.
Anthropometric and body composition measures
All study measurements were performed at baseline and two annual follow-up visits to the St. Luke's-Roosevelt Pediatric Body Composition Unit. Identical procedures and DXA scanner were used for all participants throughout the study period. Total, leg, arm, and trunk fat masses were measured by DXA (Hologic Delphi, Waltham, Massachusetts, USA). Fat distribution as the percentage of total body fat (percentage of total) was calculated for each region. Standing height was measured with a Holtain Stadiometer and weight on a calibrated digital scale (Ohaus Corp., Florham Park, New Jersey, USA). Pubertal stage was determined by the stage of breast development in girls or testicular volume by orchidometer in boys and stage of pubic hair in both boys and girls using the criteria of Tanner by two trained investigators (S.A. and M.H.) [19, 20] . Pubertal status of less than stage 3 or at least 3 based on stage of breast development for girls and pubic hair for boys was used in the analysis. Height-for-age, weight-for-age and BMIfor-age were determined based on Centers for Disease Control and Prevention (CDC) norms [21] . For participants with HIV, disease classification was determined using CDC criteria [22] .
Data analysis
We evaluated leg, arm, and trunk fat both as actual mass (kg) and as percentage of total fat (%). Similarly, we evaluated change in leg, arm, and trunk fat percentage as change from one time to another [percentage change ¼ (later value À earlier value)/(earlier value)] and as change in percentage of total fat from one time to another [change ¼ (later percentage) À (earlier percentage)] Â 100. Baseline characteristics were compared using x 2 tests and Wilcoxon rank-sum tests. Total, leg, arm, and trunk fat masses (kg) and fat distribution (%) as the percentage of total body fat in each region were also compared using Wilcoxon rank-sum tests. Mixed effects, repeated measures models were used to compare arm, leg, and trunk fat percentage of total between HIVþ and healthy children over three time periods in both univariate and multivariate models. Multivariate mixed effects repeated measures models were developed by considering all possible subsets of variables as well as interactions between significant predictors. Categorical classification of changes in regional fat between visits (increase, no change, decrease) was determined based on whether the observed change exceeded the coefficient of variation of DXA measurement [23] . x 2 tests were used to test for differences in frequencies of types of changes between subgroups (e.g., HIV-infected versus healthy participants). Differences in regional fat were evaluated among HIVinfected participants receiving different categories of antiretrovirals by comparing median arm, leg, and trunk fat percentage of total among HIV-infected participants receiving the following classes of medication at the time of enrollment in the study: nucleoside reverse transcriptase inhibitors (NRTIs), nonnucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors. NRTI were further classified as thymidine analogues (stavudine and zidovudine) and nonthymidine analogues (all other NRTIs). Analyses based on any past use of the above antiretroviral categories were also performed. The Wilcoxon rank-sum test was used to test for differences between medians. In addition, we used a mixed effects analysis to evaluate CD4 cell percentage and viral load as predictors of percentage arm, leg, and trunk fat. Multivariate models were developed in a multistage process. First, variables were tested as predictors of percentage body fat in each of three compartments, both alone and in conjunction with HIV infection status. Next, significant predictors for each compartment were combined into a single model. Third, interactions between HIV and other predictors were tested for significance. The final model includes variables that are significant either independently or through interactions. Table 1 presents the baseline characteristics of study participants. Sixty-four HIVþ and 147 healthy partici-pants, aged 6-16 years, were enrolled. HIVþ and healthy participants were similar at baseline with respect to pubertal stage, sex, height-for-age, and weight-for-age. However, the HIVþ group was younger [10.3 (3.7) vs. 11.6 (2.8) years, mean (SD); P ¼ 0.002] and had a greater proportion of African-Americans (69 vs. 48%, P ¼ 0.006).
Results
All HIVþ participants were infected perinatally and at baseline, 94% were receiving two or more antiretroviral drugs. The mean (SD) baseline CD4 lymphocyte count was 792 (384) cells/ml; among those (38%) with a HIV RNA viral load above the assay level of detection, the mean (SD) was 3.34 (0.79)Log 10 copies/ml. Antiretroviral use was as follows: two RTIs þ protease inhibitor, n ¼ 9 (14.1%), two RTI þ NNRTI, n ¼ 7 (10.9%), RTIonly regimen, n ¼ 11 (17.2%), more than two RTI þ protease inhibitor, n ¼ 14 (21.9%), RTIs þ protease Regional fat in children and adolescents with HIV Arpadi et al. 1503 Table 1 . Baseline characteristics of healthy (n U 157) and HIV-infected (n U 64) patients.
Variables
Healthy inhibitors, and NNRTI, n ¼ 14 (21.9%), other combinations, n ¼ 5 (7.8%) [>two RTIs þ NRTI (one); RTI þ protease inhibitor þ entry inhibitor (two); one RTI þ NRTI (one); one RTI þ two protease inhibitors (one)], and none, n ¼ 4 (6.2%). Table 1 also shows baseline anthropometric and body composition measurements. HIV-infected and healthy groups did not differ in total fat mass or trunk fat as percentage of total fat, but the HIVþ group had significantly lower leg and greater arm fat as percentage of total at baseline compared with the healthy group. Figure 1 illustrates percentage change between baseline, year 1, and year 2 follow-up in fat in arm, leg, and trunk for HIVþ and healthy groups. Significant differences between the groups were detectable in the percentage change in arm fat mass between baseline and year 1 follow-up (median 5.5% among HIV-infected vs. À3.0% among healthy individuals, P < 0.0001) and in percentage change in leg fat mass (median 0.0% among HIV-infected patients vs. 2.0%, P ¼ 0.021); the difference observed in percentage change in trunk fat was not significant (2.0 vs. 0.0%, P ¼ 0.284). Changes between baseline and year 2 were similar for arm fat mass (median 6.0% among HIVinfected vs. À5.0% among healthy individuals, P < 0.0001) and leg fat mass (median 0.0% among HIV-infected patients vs. 2.0%, P ¼ 0.074); differences between HIV-infected and healthy participants were not significant for changes between baseline and year 2. Table 2 shows the pattern of changes in regional fat for the HIV-infected and healthy participants between baseline and visit 1 and baseline and visit 2. There were significant differences in the patterns of change in leg and arm fat as a percentage of total fat (P ¼ 0.005 and <0.001, respectively) in the HIV-infected versus healthy participants between baseline and the year 1 follow-up but not in changes in trunk fat percentage of total (P ¼ 0.4) or total fat as percentage of body weight (P ¼ 0.5). Specifically, a greater proportion of the HIV þ group had a decrease in leg fat percentage of total in comparison to healthy participants among whom an increase in leg fat percentage of total was more common (P ¼ 0.005). Similarly, the pattern of change also differed for arm fat percentage of total, which was more likely to increase among HIV-infected participants, for whom an increase in arm fat percentage of total was the most common pattern seen between baseline and the 1-year follow-up, in comparison to healthy participants (P < 0.001). Similar patterns of change in arm, leg, and trunk fat percentage of total were observed in the interval between baseline and year 2. increased arm and trunk fat; Hispanic race/ethnicity is associated with increased trunk fat; and height is associated with increased leg and trunk fat.
The results of analyses using multivariate models for predicting percentage fat in each compartment are presented in Table 4 . In all cases, the associations between the predictors and fat distributions are similar to those described above for univariate models, though the effects of HIV infection are modified in two compartments by interactions with other variables. Variables that significantly accounted for variance in the changes in percentage arm fat are as follows: Female participants have about 0.8% more arm fat than male participants, and participants of pubertal stage 3 or higher have about 0.6% less arm fat that those in lower pubertal stages, both irrespective of HIV status. In addition, HIV-infected participants have increased percentage arm fat as compared with uninfected participants; the rate of increase accelerates by approximately 0.3% for each year of age.
Results of the multivariate analyses also indicated that Blacks have a greater percentage of leg fat than Hispanics, irrespective of HIV status. HIV infection is also associated with decreased leg fat, though this relationship is modulated by height: children and adolescents with HIV have decreased percentage leg fat as compared with uninfected; this difference accelerates by approximately À0.14% for each meter of height.
Finally, we found that female participants with pubertal stage of 3 or greater, and male and female Hispanics at all pubertal stages, have higher trunk fat percentage of total, irrespective of HIV status. Age also significantly predicted trunk fat percentage of total increases by 0.1% for each year. In addition, HIV infection was also an independent predictor of the percentage of trunk fat. Trunk fat percentage of total is about 3.1% higher for those with HIV infection.
Thus, differences between the HIV-infected and healthy groups in arm and leg fat as percentage of total fat remained significant when age, sex, race, height, and pubertal stage were accounted for by multivariate modeling. Figure 2 illustrates the increase of differences in arm and leg fat as percentage of total fat with age.
Additional analyses were performed among HIV-infected participants. No differences in fat distribution were observed by antiretroviral treatment (ART) category used Regional fat in children and adolescents with HIV Arpadi et al. 1505 Table 2 . Change in fat distribution in HIV-infected and healthy participants from baseline to visit 1 (1 year) and visit 2 (2 years). either at the time of enrollment in the study or in the past. However, a univariate mixed model analysis revealed that prior treatment with stavudine was associated with an estimated increase of 4.1% in the trunk fat percentage of total fat compared with those never treated (P ¼ 0.019, data not shown). No differences were detected in the frequency of the patterns of regional fat depot changes for those on thymidine analogues compared to those not receiving thymidine analogues. In addition, neither CD4 cell percentage nor HIV RNA viral load significantly predicted arm or leg fat. CD4 cell percentage was marginally significant for predicting trunk fat (model estimate À0.00105, P ¼ 0.046).
Discussion
Serial measurements performed over 2 years confirm that despite having similar total body fat percentage, alterations in regional fat are detectable in perinatally HIVinfected compared with healthy youth. On average, trunk fat as a percentage of total is greater, and leg fat as a percentage of total is decreased compared with healthy participants. We also found that in contrast to prior reports, arm fat as a percentage of total is significantly increased. These findings persisted when other factors such as race/ethnicity, stage of sexual maturation, and somatic growth were taken into account.
1506 AIDS 2009, Vol 23 No 12 These differences appear to accelerate over time: the disparity between HIV-infected and healthy participants in percentage arm fat increases with age, whereas the difference in percentage leg fat increases with greater height, which correlates with age. As all study participants were infected perinatally, it is not possible to distinguish effects of age from those related to duration of infection or length of treatment. Although the study methods differ considerably from those used in our study, the duration of infection and treatment as well as sexual maturation have been reported to be important risks for development of lipodystrophy in other longitudinal studies of perinatally HIV-infected children [16, 24] .
We did not find a pattern of change in regional fat that is unique to children and adolescents infected with HIV.
Our findings indicate that some of the changes in regional fat, such as decrease in arm or leg fat that have been reported to accompany HIV infection and considered an indication of abnormal lipodystrophy, in fact, occur during growth in some healthy children and adolescents. Although there is considerable overlap in the patterns we observed, the frequency and degree of leg fat decrease, and arm fat increase is greater in the infected children. In our study, a decrease in leg fat of more than 6% in a 1-year period or an increase in arm fat in excess of 20% in a 1-year period was uncommon in healthy black and Hispanic children between the ages of 6 and 17 years included in our sample (e.g. frequency <5%).
There is no single widely accepted case definition of lipodystrophy for either children or adults with HIV. Valid criteria are important in order to evaluate the safety of therapies as well as optimally manage HIV infection and minimize morbidity and long-term mortality. Prior studies have used a number of different methods and criteria to detect disturbances in the regional distribution of adipose tissues including self or parental report, physical inspection, and anthropometric or laboratorybased measurements [1] [2] [3] [10] [11] [12] [13] [14] [15] [16] 25] . The current study demonstrates the importance of conducting large longitudinal studies that include healthy children and detailed assessments of fat depots in order to attain an understanding of abnormalities in regional fat, establish diagnostic thresholds for lipodystrophy, and distinguish these from normal changes in regional fat related to growth and sexual maturation.
The study has several limitations, including small sample size and baseline differences between healthy and HIVinfected patients. The study had 147 healthy participants and 64 HIV-infected patients available for analysis; larger sample sizes would be required for more definitive results. Furthermore, healthy participants differed significantly by age and ethnicity at baseline, both possible confounders. However, we stratified the data analysis by age and ethnicity, as well as controlling for these covariates in multivariate analysis. Our fundamental results showing increased arm fat and decreased leg fat still held after controlling for these characteristics.
Another limitation of this study is that DXA cannot detect changes in facial fat nor distinguish between intraabdominal or visceral adipose tissue and subcutaneous adipose tissue. Facial lipoatrophy is among the more distinctive and distressing changes in regional fat reported in HIV-infected individuals, and determining a valid means of detection is important. Methods such as ultrasound or infrared three-dimensional typology may prove useful in the detection of facial lipoatrophy. Future studies would also benefit from inclusion of methods to evaluate visceral adipose tissue, as abnormal accumulations of visceral adipose stores have been reported in HIV-infected children receiving ART [8, 26, 27] .
We found that prior but not current treatment with stavudine was associated with differences in regional fat distribution or among HIV-infected participants. Treatment with thymidine analogues, especially stavudine, has been reported to be associated with alterations of subcutaneous fat, particularly lipoatrophy, in both children and adults [28, 29] . We did not, however, find either active or past protease inhibitor exposure to be associated with differences in regional fat distribution. Protease inhibitor use is variably reported in association with changes in body fat distribution [1] [2] [3] [4] [5] [6] [7] [8] [13] [14] [15] [16] . Our study has a number of important limitations with respect to evaluating possible associations between alterations in regional fat and specific medications or class of medication. Neither adherence to treatments was assessed nor was duration of prior drug exposure, which varies greatly among older children and adolescents with perinatally acquired HIV, considered in the analysis. Perhaps most important is that multiclass combinations is the standard recommended approach to HIV treatment, and antiretroviral drugs are virtually always used in combination with at least one and most often two or more drug classes. In addition, evaluating for effects by drug class categories that contain as many as nine different agents, rather than by individual drugs, may have masked an effect of a specific drug. Thus, isolating an effect is problematic with our small sample size, and larger cohorts are necessary to better assess the contribution of specific medications or drug classes to changes in body fat.
Accurately detecting abnormalities in regional fat depots remains an important area of clinical research. Regional fat distribution appears to have a substantial impact on lipid and glucose metabolism both of which are abnormal in children and adolescents with HIV [5, 15, 16, 24] . The marked decreases in percentage leg fat among HIVinfected children and adolescents are of particular concern. The loss of subcutaneous leg fat is an independent risk factor for unfavorable glucose and lipid levels in both HIV-infected and healthy adults [30] [31] [32] .
The changes in fat distribution are also of potential cosmetic concern especially during adolescence when body image awareness is high, adding to the many challenges HIV-infected adolescents confront [33] . Whether concern about fat changes affects adherence to medication has not been evaluated in this age group. Many children and adolescents have difficulty achieving the high levels of adherence that are required to achieve sustained suppression of HIV replication [34] [35] [36] . With survival of perinatally infected children with HIV routinely extending into adulthood, the long-term metabolic and cardiovascular consequences as well as the impact on adherence of these alterations in regional fat distribution are likely to be significant and warrant further investigation.
